A mitochondrial paradigm for degenerative diseases and ageing.
A variety of degenerative diseases have now been shown to be caused by mutations in mitochondrial genes encoded by the mitochondrial DNA (mtDNA) or the nuclear DNA (nDNA). The mitochondria generate most of the cellular energy by oxidative phosphorylation (OXPHOS), and produce most of the toxic reactive oxygen species (ROS) as a by-product. Genetic defects that inhibit OXPHOS also cause the redirection of OXPHOS electrons into ROS production, thus increasing oxidative stress. A decline in mitochondrial energy production and an increase in oxidative stress can impinge on the mitochondrial permeability transition pore (mtPTP) to initiate programmed cell death (apoptosis). The interaction of these three factors appear to play a major role on the pathophysiology of degenerative diseases. Inherited diseases can result from mtDNA base substitution and rearrangement mutations and can affect the CNS, heart and skeletal muscle, and renal, endocrine and haematological systems. In addition, somatic mtDNA mutations accumulate with age in post-mitotic tissues in association with the age-related decline in mitochondrial function and are thought to be an important factor in ageing and senescence. The importance of mitochondrial defects in degenerative diseases and ageing has been demonstrated using mouse models of mitochondrial disease. An mtDNA mutation imparting chloramphenical resistance (CAPR) to mitochondrial protein synthesis has been transferred into mice and resulted in growth retardation and cardiomyopathy. A nDNA mutation which inactivates the heart-muscle isoform of the adenine nucleotide translocator (Ant1) results in mitochondrial myopathy and cardiomyopathy; induction of ROS production; the compensatory up-regulation of energy, antioxidant, and apoptosis gene expression; and an increase in the mtDNA somatic mutation rate. Finally, a nDNA mutation which inactivates the mitochondrial Mn superoxide dismutase (MnSOD) results in death in about 8 days due to dilated cardiomyopathy, which can be ameliorated by treatment with catalytic anti-oxidants. A partial MnSOD deficiency chronically increases oxidative stress, decreases OXPHOS function, and stimulates apoptosis. Thus, the decline of mitochondrial energy production resulting in increased oxidative stress and apoptosis does play a significant role in degenerative diseases and ageing.